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CDF in a Nutshell

-~ CDF + D0 experiments analyze pp collisions from Tevatron at Fermilab
- Tevatron highest energy collider in world (y/s= 2 TeV) until LHC
> Run 1 (1992-1996) huge success — 200+ papers (t quark discovery, ...)

- Run Il (March 2001-) upgrades for luminosity (x10) + energy (~10%T)
— expect integrated luminosity 20x (Run lla) and 150x (Run lIb) of Run |

Run Il physics goals:

~Search for Higgs boson

~Top quark properties (m, o, ,, ...
~Electroweak (m,, I',,, ZZy, ...)
~Search for new physics (e.g.
SUSY)

-QCD at large Q? (jets, o, ...)
~CKM tests in b hadron decays

e
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Provide computing resources for 200+ collaborators

simultaneously doing analysis per day!
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CDF DAQ/Analysis Flow
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Reconstruction Farms

Data reconstruction + validation, Monte Carlo generation
154 dual P3's (equivalent to 244 1 Ghz machines)
Job management:
~-Batch system — FBSNG developed at FNAL
-Single executable, validated offline
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Data Handling

Data archived using STK 9940 drives and tape robot

Enstore: Network-attached tape system developed at FNAL
— provides interface layer for staging data from tape
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Oracle DB: Metadata + Calibrations

DB Hardware:

-2 Sun E4500 Duals

-1 Linux Quad
Presently evaluating:
~-MySQL

~-Replication to remote sites

~0Oracle9 streams, failover, load

balance | |
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Data/Software Characteristics

Data Characteristics:
~-Root I/O sequential for raw data: ~250 kB/event
~-Root I/0O multi-branch for reco data: 50-100 kB/event
~'Standard’ ntuple: 5-10 kB/event
-Typical Runlla secondary dataset size: 10’ events

Analysis Software:
~Typical analysis jobs run @ 5 Hz on 1 GHz P3

— few MB/sec
~CPU rather than I/O bound (FastEthernet)
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Computing Requirements (&

Batch Static Disk Archive ——
Lum CPU Disk Fie] Volume
Fiscal (fb) (THz) (TB) (GB/s) (PB)
Year 4.1 4.7 540 4.9 1.7
05
1.6 1.8 200 1.8 0.6
E‘grun Cache
B
(THz) (TE)
03 1.3 160 Write Archive 0.4
Cache SO =
98 0.9
0.9 1.0 [0.54 60 (TB) (GB/s)
——
02 05 0.33 82 E 46 0.8 048 0.3
0.3 - 0.37 — E

Requirements set by goal:
200 simultaneous users to analyze secondary data set (107 evts) in a dz

Need ~700 TB of disk and ~5 THz of CPU by end of FY'05:
— need lots of disk— need cheap disk — IDE Raid
— need lots of CPU— commodity CPU — dual Intel/ AMD
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Past CAF Computing Model

Large SMP (128 processor SGI)
Expensive disks (FiberChannel/SCSI)

Analysis Code Development
Analysis Job Debugging
Interactive Analysis Jobs
Batch Jobs

"Other" Usage

Very expensive to expand and maintain’

Bottom line: E
Not enough '‘bang for the buck’ g
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Design Challenges

develop/debug interactively @ remote desktop
[1 code management & rootd

Send binary & 'sandbox’ for execution on CAF
[1 kerberized gatekeeper

no user accounts on cluster
BUT

user access to scratch space with quotas
[] creative use of kerberos

LCCWS'02



CAF Architecture

Onsite (CDF Traﬂers}
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Users are able to:
~submit jobs
~-monitor job
progress
~retrieve output

from 'any desktop’ in

| ebyellesenves 0 v theworld
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CAF Milestoes

- Start of CAF design 11/01

-~ CAF prototype (protoCAF)
assembled 2/25/02

- Fully-functional prototype
system (>99% job success)

3/6/02

- ProtoCAF integrated into

Stage1 system 4/25/02

- Production Stage1 CAF 5/30/02
for
collaboration

Design — Production system in 6 months!

LCCWS'02
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Workers (132 CPUs, 1U+2U rackmount):

- 16 2U Dual Athelon 1.6GHz / 512MB
AM
50 1U/2U Dual P3 1.26GHz / 2GB RAM
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Servers (35TB total, 16 4U rackmount):

2.2TB useable IDE RAID50 hot-swap
Dual P3 1.4GHz / 2GB RAM
SysKonnect 9843 Gigabt Ethernet card

?’“
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File Server Performance

Local disk reads

Remote reads from CAF file server

' \ ' I I I 70 T '\ T T T T T T T T T T T
A 200 MB/s 70 MB/s

180 [ 60 7
= +——= 32k dd blocks
& 160 +——= 4k dd blocks A - |
= o+ 128k dd blocks E
5 [ o——= 512k dd blocks bt
=9
) 140 } +——= 1M dd blocks % 40 i
2 I oo 2M dd blocks §
=
=
t 120 | ﬁ 30 7
£ d
éﬂ gﬂ > s NFSdd
&4 100 | s 20 »——# NFS Edm_Read WriteSeqRoo s
- | o Rootd Edm_ReadWriteSegRqot

&—» NFS AC++ job
a0 60 MBIS 10 »—=» Rootd AC+ job |
60 /- | L L L L 0 L \ L \ 1 L L L \ 1 \ L \ \ ] \ \ \ L ] \ \ \ L
0 20 40 &0 ao 100 4] 25 50 75 100 125
Simultaneous Read Threads Simultaneous Read Threads

Server/Client Performance: Up to 200MB/s local reads, 70 MB/s NFS

Data Integrity tests: md5sum of local reads/writes under heavy load
BER read/write = 1.1+- 0.8 x10'° / 1.0+- 0.3 x10"3
Cooling tests: Temp profile of disks w/ IR gun after extended disk thrashing
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Stage2 Hardware

Worker nodes:
238 Dual Athlon MP2000+, 1U rackmount

1 THz of CPU power

File servers:

76 systems, 4U rackmount, dual red. Power supply
14 WD180GB in 2 RAID5 on 3ware 7500-8

2 WD40GB in RAID1 on 3ware 7000-2

1 GigE Syskonnect 9843

Dual P3 1.4GHz

150 TB disk cache

LCCWS'02



Stage1 Data Access

Static files on disk:

NFS mounted to worker nodes
remote file access via rootd

Dynamic disk cache:
dCache in front of Enstore robot

LCCWS'02



Problems & Issues

Resource overloading:
~-DB meltdown — dedicated replica, startup delays
~-Rcp overload — replaced with fcp
~Rootd overload — replaced with NFS,dCache
~File server overload — scatter data randomly

System issues:
~-Memory problems — improved burn-in for next
time
~Bit error during rcp —» checksum after copy
~dCache filesystem issues — xfs & direct I/O

LCCWS'02



Lessons Learned

~-Expertise in FNAL-CD is essential.

-Well organized code management is
crucial.

~-Independent commissioning of data
handling and job processing —» 3
ways of getting data to application.

LCCWS'02



CAF: User Perspective

Job Related:
~-Submit jobs

-Check progress of job
-Kill a job

Remote file system access:

~'ls’ Iin job's 'relative path’
~'lIs' in a CAF node's absolute path
~-tail' of any file in job's 'relative path’

LCCWS'02



= Head Node

FTP

Request
for batch
submission

Job

Scratch

FTP Servers

o
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rootd
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CAF Software

— — — — Monitoring path

CAF Data Servers

launcher]
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Job output path
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-~ Compile, build, debug analysis job on ‘desktop’

section integer range

K — CDF Runll CAF GUI
Initial Command: | ./simple.sH(g IEDD 610

Process Type: Short |

F." n Original Directoryx(hiome/msn/releases/development/ Caflitiliexa "@ Browse... |
> I In Ouput File Location: {msni@fcdfin=Z.fhal.qo cdffscratkfmsnﬁem @ 0z

appropriate fields N Email? Email Adfss: Fnsn@fnal.gw \

& submit jOb I submit | Quit | Ready
(2002-05-23 01:46:51) Email sent to msnBfnal. gow vpon job\completion
(2002-05-23 01:46:55) /hinftay -cwzf Shomemsnmsnd3959 & *
(2002-05-23 01:46:57) Remowe ome /man,/mend9959. tgz
(2002-05-23 01:46:57) Joh 5 ission 1s successful, JID: 87
output destination user exe+tcl directory

- Retrieve output using kerberized FTP tools
... or write output directly to 'desktop’!

LCCWS'02



We b M O n ito ri n g Of @ = Netscape: FBSWNAY CAF list of queues

File Edit Wiew Go Communicator Help
User Queues S C——— - m e
A
FBSNG on the web .
NG Farm: CAFE -
Time; Thu BAanr 23 02:32:41 2002
E Report: List of quenes
- Queuwes Jobs Modes Process Types
Each user a different
User Name Status Default Process Type Share Prio Walting Ready Bamning Total
queue Monito
akom oK short 1.00 ] 0 i 0 0
arnit] oK short 1.00 ] 1] 1] 0 0
Process type for jOb anikeev | QK short 100 0 0 0 0 0
belforte SR short 1.00 0 n n 0 0 _,.n_"
I e n g t h momartn ~ OK ghort 1.00 0 0 0 0 0
. " man SR short 1.00 0 1 1] 11 12
test: S5 mins sy [N o ™ o o o o o
" ans oK short 1.00 ] n n 1] 0
S h o rt - 2 ratikow oK short 1.00 0 0 n 0 0
h rs rescigno ~ OK  short 100 0O 0 0 0 0
u SEIEra 2K short 1.00 ] 0 ] 0 ]
med I u m . 6 h rs sfiligod ZK  short 1.00 0 1] 1] 1] 1]
| on g . 2 sgomoll QK short 100 0 0 0 0 0
shepard oK short 1.00 ] 1] 1] 1] 1]
d ays sidotd SR short 1.00 0 0 0 0 0
spezziga SR short 1.00 ] 1] 1] 0 0
This exam Ie: test SR short 1.00 ] 1] 1] 0 0 i
. p thkim oK short 1.00 0 1] 0 0 0
1 jOb —> 11 thom OK  short 100 O 1 0 1 2 |y
| |
n Ll ] [}
(+ 1 additional section Lccwsoz

automatic for job cleanup)



&~ Hetscape: FBSWWW CAF list of queues

n [ ] n [ ]
File Edit View Go C icat Hel
~eweams  w-| [Monitoring jobs in your queue
msmartn QK short 1.00 0 0 0 0 0 g
CK  short 1 U - “.|

pans OK  short 1.00 0 0 g o

e V) R oo 0 0 O Fila Edit Wiew Go Communicator Help

rescigno OK  short 1.00 0 0 0 0

semerin WROK  short 100 0 0 0 of|™! T g o . 5 ' a -

stiligol K short 100 0 o 0 0

sgrommoll #, short 1.00 0 0 0 0 FBSNG on the“rd]

shepard | ORYWshort 100 0 0 0 0 NG Farm: CAF

sdoi | ok ort 10 0 0 0 0 Time: Thu Mgy 23 01:47:23 2002

spezziza| JEE 100 0 0 0 0 E E Feport: Quene msn

fes g =hc 1100/ IO o __ € € Quenes  Jobe Modes Process Types

wkin | OK  shor 100 O o o 0

thom S <hor e — l v U Osex Guene Parameters [ show]

= da oL | Monitor : )
s Stams: OK Bonning: 11 Pending: 0
SectlD User ProcType Statws Prio NProc Date!Tine
BF3men 600  cdfcaf  short moning 0 14 Started at 05/23 01:47:09
B¥3.men 601  cdfcaf  short moning 0 14 started at 05423 01:47:09
BF3men 602  cdfcaf  short moning 0 14 Started at 05/23 01:47:10
B¥3men 603 cdfcaf  shot moning 0 14 Started at 05423 01:47:10
8F3men 604  cdfcaf  ghort moming 0 14 Started at 05/23 01:47:11
BF¥3.men 605  cdfeaf  short moning 0 14 Started at 05423 01:47:11
BF3men 608 cdfcaf  ghort moming 0 14 Started at 05/23 01:47:12
B¥3.men 607  cdfcaf  short muoning 0 14 Started at 05/23 01:47:12
BF3.men 608  cdfcaf  ghort moning 0 14 Started at 05/23 01:47:12
BF3men 609  cdfcaf  shot moning 0 14 Started at 05023 01:47:13
8¥3.men 610  cdfcaf  shoet moning 0 14 started at 05423 01:47:13
B¥3men_end cdfcaf  medler walting 0 04 Submitted at 05423 01.46:57
FCE Group | FEEME

T 5 WHW wersiom o

(@ owm %82 72T | KN JE
LCCWS'02




# = Hetscape: FBSWWY - queue msniz CAF

File  Edit

] -

=
2

=
g
=}

FBSNG on the wo ‘ = [Monitoring sections of your job

Quenes  Jobs Modes

Quene Pararaeters

Stams: OK B

873.men_509
873.msn_510
873.men_end

cdfcaf
cdfcaf
cdfcaf

cdfcaf
cdfcaf

cdfcaf
cdfcaf

File Edit “iew Go Communicator

|

(BEowm

L . — - o . = n |

FBSNG on the web

NG  Farm: CAF
Time: Thu kAay 23 01:48:13 2002
E E Eeport: Hection 873 msn_600 status

Zueunes  Jobs Modes Process Types

Usexr IC: 873 men 600 User: cdfcaf
Winifinr Quene: msn Process Type: short
MProc: 1 Status: munning
Meed: O Depends:
Subrmitted: 05423 01:46:57 Started: 0523 01:47:09

CPU dme lirnit: 2500rm
Proc Bsre: cpu:100 disk15 Hect Bare:
Mbangfcaflocalivl 01/CafExe cdfcaf @ cdfheadl fnal gowihomels df caffivl 01/submitter/caflndmsn_ Fs.1ge

Comrnand:  men@fodflnzd fnal gowidcdfis cratchimsniremps00.tgz msn 4h
cdfcaf @ cdfheadl foal govihomelcdf cafivl 01/submitterifbs/FBS %z men 6001 log fsimple.sh 600

Orther men 600 men 801 msn 602 men 803 msn 604 men 805 men 606 men 607 men 608 men 609 men 610 msn end
sectons: (nmning) [moning) (nondng] (oning)  (oooing)  (ooning)  (moooing)  (ooodng] (moning)  (oooing)  rooning]  (waitng)

Processes
Process CPU
# Node  Status T; PID Conunamd
1 fedfcafQ5S? mumning 0 6931 CafExe cdfcaf@fodfhead] fnal govihomelcdfcafhl 01 submitter/c aflnfmen % e tez men@cdflngd foa

0 6940  simple.sh 600
] 7221 sleep 120

FC= Group | FESNG

FEFWWW veirsion of

= W ]]n”‘ PE. S I I a

B @ o m ZBP T 2|

e
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CAF Utilization (5%

Active queues (last 24h)

CPUs

Fercentage of used

short
Hedium
Liong

Updated: Jun 18
test fkw anikeey tomohiro W ra W akorr

Created on OCt 20 22002005 2002

sar cj1 jdlee ny ikfuric Tys W nigmanoy qpope
Jmuelmen rescigho dbstarr ikray daronco W tham

Summary Table

Builtusing EEDTool

Short Medim Long All Types

Running sections 28 7 2 128

Pending sections 0 70 b 138

~-300 CAF Users (queues) to date

Walting time [ihvrun] (24h aversge): ~Several dozen simultaneous users in

per job 052 013 000 033 . .
per section M I M 3 a typical 24 hr period
Rouning tume [Mhvmon] (24h sverage) 0:27 4:34 408 303

Updated: Oct 20 22:00:03 2002 LCCWS'02



Ewdaemun

unituring]

Y

[

Parser
daemon

J

File Servers

Client info
every 30 secs

0 Utilii Nodes |

Worker Nodes

i

unituring]
client

« CPU/Memory
Utilization

® Load Avg

s Network activity

CAF Node
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CPU Utilization

(PU usage for all
100 T

CPU usage for all

T
e i

HA3IHT L3I0 TA0L S (oolddd
AIATILID IaA0L S Todlddd

2 oused

H H H H H M H H H H H H H -t:. H H H H H H H
a0 0o g 00 1200 1800 Week 30 Week 32 Week 34 Week 36 Week 33 Week 40

W User W Nice [0 Systen Nice [ systen

CPU usage for all

O e CAF utilization steadily rising

since opened to collaboration

H3IHILIA0 Il S Toolddd

Provided 10-fold increase in
analysis resources for last
summer physics conferences

o oused

Eq ;; N E

a

SUH Mah Tue Wed Thu Fri caf
B User B Hice [ systen

Need for more CPU for winter
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Netvork throughput for all

Data Processing

File Server

100 M 3
g Lo e
5 B
i s : ...... . i
5 ‘months
— 1 | |
7 - [
Week 30  wWeek 32 Week 24 Week 36 Week 33 Week 40
B Received WM Transmitted *
Network throughput for all E
300 M ; ; 3
l. H
D 200 M g ‘week i
a2 ik o
L L LEER... =
5 e e
5 qm Mﬂﬂ}ﬁ e H- f -
H F L H B | N - H W
SUn Mo Thu F i Sat
M Received [ Transmitted
Netvork throughput for all =
L 40 3
o =
LA H m
05 Ak . o
£ zo 1T | ?
DIDJ# H H . _..
Suh Man Tue

B Received W Transmitted

\Aggregate /0
4-8TB/day

<— Aggregate I/O

Worker Node

<— Average I/O
1-2MB/sec @
~80%CPU util.
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Work in Progress

Stage2 upgrade: 1THz CPU & 150TB disk

SAM — framework for global data handling/distribution

"DCAF" — remote “replicas" of CAF

Central login pool @ FNAL

LCCWS'02



CAF Summary
Distributed Desk-to-Farm Computing Model

Production system under heavy use:

~-Single farm at FNAL

4-8TB/day processed by user applications
Average CPU utilization of 80%

~Many users all over the world
300 total users
typical: 30 users per day share 130 CPU's
Regularly several 1000 jobs queued

~Connected to tape via large cache
~Currently updating to 1THz & 150TB

LCCWS'02



CDF Summary

Variety of computing systems deployed:

~-Single app. Farms: Online & Offline
~Multiple app. Farm: user analysis farm
~Expecting 1.7Petabyte tape archive by FY05
~-Expecting 700TB disk cache by FY05
~-Expecting 5THz of CPU by FY05

~Oracle DB cluster with loadavg & failover for
metadata. LCCWS'02



